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The subtropical jetstream is a consistent and persistent feature of the atmospheric

circulation in the Australian region. This paper describes an analysis of the mean wind

and temperature fields relative to the jet axis and evaluations of the meridional fluxes of

heat, momentum and kinetic energy. The data are derived from an analysis of jetstream
position for the years 1962 to 1968.

Introduction

The subtropical jet has long been recognised as an
important feature of the atmosphere’s general
circulation (Rossby et al. 1947; Riehl 1981). It is of
particular relevance to the Australian region as it
persistently transverses the continent and was
consequently studied in some detail as soon as
sufficient data were available (e.g. Gibbs 1952;
Radok and Clarke 1958). Muffatti (1963) compiled
statistics on the location of the jet axis in the region
between 1956 and 1961. These data were
subsequently extended to cover the years 1962 to
1968, and it is this second period that forms the
basis of the following analyses.

In recent years studies of individual aspects of the
general circulation have lost favour to studies of the
whole atmosphere using numerical simulations.
While these are very powerful tools in advancing our
knowledge, they are to some extent limited by the
degree to which they can faithfully replicate the real
atmosphere. There is still room to look at specific
aspects of the general circulation using real data and
the work reported here aims at this.

There is an enormous quantity of data now
available to be used in such studies. In particular the
routine upper air observation can be a valuable
source of such data. In recent times the use of these
data in ‘compositing’ studies (e.g. Gray 1978) have
shown how details of atmospheric physics are
obtainable at scales well below the synoptic scale
and the network resolution. Judicious use of such
approaches with a recognition of their limitations
can lead to insights on scales of numerical models,
but because the data are from the real atmosphere
they are free of the reservations which must
accompany similar studies using numerical models.
Although not attempting to achieve such results
here, the present work follows this philosophy. It
was recognised that a large amount of data relevant
to the subtropical jetstream are contained in existing
Australian upper air observations. These could be
analysed in such a way to give an insight into the
structure of the jet.
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The approach adopted has been to set all data
onto a coordinate system based on the jet axis. This
is not a new idea. It grew out of the ‘dish-pan’ work
of Riehl and Fultz (1957) and was taken up by
Krishnamurti (196l1a,b). The two Krishnamurti
papers were used as a starting point. By adopting the
‘jet-fixed’ convention, it is possible to obtain a
sharper picture of those parts of the mean
circulation related to the jet. Averages determined
from ‘earth-fixed’ coordinates, although
conceptually and practically simple, tend to wash
out features. The scope of this paper is limited. It
seeks only to present the mean wind and
temperature fields in this coordinate system and to
briefly demonstrate its utility through an
examination of some relevant meridional fluxes.
These will be of climatological interest, but the main
aim is to have some physically meaningful data
which should be replicated in any simulation of the
general circulation.

Data

The data set used in this project was constructed by
melding data from two sources; the routine 2300
GMT upper air observations from 30 stations in the
Australian region and data on the daily location of
the subtropical jetstream axis during the period 1962
to 1968.

The 30 upper air stations used are shown in Fig. |
and listed in Table 1. Each is a radiosonde station,
but a variety of methods of determining winds is
used. Their data are held in the Bureau of
Meteorology’s archives on computer compatible
magnetic tape. Data at the standard pressure levels
(listed in Table 2) were extracted from each 2300
GMT sounding. At each level the dry bulb
temperature, T, the water vapour mixing ratio, r,
and the wind speed and direction were extracted.
The response of the humidity element in the
Australian radiosonde is such that no values of r for
pressures less than 400 mb are measured. For
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Fig. 1 Location of upper air sounding stations used in this study.
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computational convenience the winds were resolved
into east-west and north-south components denoted
here as u and v respectively with u positive from the
west and v positive from the south.

The second data set consisted of the latitude of the
subtropical jet axis at each ten degree of longitude
from 100°E to 180°. These were extracted from
analyses at the 200 mb level, the assumption being
that this is the altitude of the subtropical jetstream
core. Although this level varies, 200 mb is the only
convenient analysis available and is generally
accepted as a reasonable compromise. The wind
speed at the core was recorded with each position.

The basic working chart was the daily 2300 GMT
200 mb geopotential height and isotach analysis
prepared by the Bureau of Meteorology’s Central
Analysis Office in Melbourne. A clean plastic sheet
was placed on each chart and the axis of the jet
traced onto it. The axis was identified principally
using the isotach analyses. The analyses always
made the axis continuous over the whole region with
only one position at each longitude. If the jet ‘split’
the strongest arm was followed. This approach is
consistent with Krishnamurti’s (1961a) concept of a

continuous core. The values of latitude and speed at
each of the nine standard longitudes were entered on
punch cards. The plastic overlay was then placed
over the next day’s chart with the previous axis still
on it. In this way a continuity between charts was
maintained. The previous three days’ analyses were
retained on the overlay, each in a different colour.

The approach adopted for the 1962 to 1968
analyses differs from that used to obtain similar
data by Weinert (1968) for the period 1956 to 1961.
His criterion was *. . . latitudes and speeds of the
lowest latitude jetstream axis . . .”. In some cases,
where the wind speeds in the core of the subtropical
jetstream were low, a polar jetstream could be
included in his data. There are consequently marked
differences between the data in the two periods as
noted earlier by Brook (1970). Originally it had been
hoped to combine data from the two periods to give
13 years of record, but the differences were
considered too great to do this. As the data for the
period 1962—1968 are considered to most faithfully
reproduce the axis of the subtropical jetstream, only
these are used in this study.

The melding of the two data sets consisted of '
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Table 1. List of upper air sounding stations, with their locations used in this study. In data column, RS refers to
radiosonde, PB to visual theodolite tracked pilot balloons, RW to radar determined winds and RT radio

theodolite determined winds.

Station Lat. (°S) Long. (°E) Data 1962 10 1968
Adelaide 35¢° 56’ 138° 35’ RS and RW fuli period
Albany 35°00 117° 54’ RS and RW from July 1965
Alice Springs 23°48' 133° 53 RS and RW full period
Brisbane 27° 26’ 153° 05 RS and RW full period
Broome 17° 54’ 122° 18’ RS full period, PB before June 1965 then RW
Carnarvon 24° 54’ 113° 42! RS and RW full period
Charleville 26° 25’ 146° 17 RS and RW full period
Cloncurry 20° 46’ 140° 30’ RS and RW full period
Cobar 31° 30 148° 48’ RS and RW from May 1962
Darwin 12° 26’ 130° 52 RS and RW full period
Forrest 30° 517 128° 06’ RS and RW full period
Giles 25° 02’ 128° 18’ RS and RW full period
Hobart 42° 50 147° 30’ RS and RW full period
Honiara 9° 26’ 159° 58’ RS and RT full period
Kalgoorlie 30° 46’ 121°21” RS and PB full period
Lae 6° 44’ 147° 00’ RS and RT full period
Laverton 37° 52 144° 45’ RS and RW full period
Lord Howe Island 3131 159° 04’ RS and RW full period
Maralinga 30° 09’ 131° 31’ RS until Feb 1965 and RW until May 1965
Moree 29° 28’ 149° 51 RS from April 1966 and RW from May 1964
Mount Gambier 37° 30" 140° 30’ RS from March 1964, PB until July 1966, then RW
Norfolk Island 29° 03’ 167° 56 RS and PB full period
Nowra 34° 56’ 150° 34’ RS full period, PB until Dec 1967 then RW
Perth 31° 56’ 115° 57 RS and RW full period
Port Hedland 20° 23’ 118° 37 RS full period, RT until June 1967 then RW
Townsville 19° 16’ 146° 45' RS and RW full period
Wagga 35° 06 147° 30’ RS full period, PB until July 1965 then RW
Williamtown 32° 49’ 151° 50 RS and RW full period
Willis Island 16° 18’ 149° 59’ RS full period, PB until June 1968 then RW
Woomera 31°09' 136° 48’ RS full period, PB until July 1965 then RW

Table 2. The (s, n, p) coordinate system in which all calculations, on the present Australian region data, were

carried out.

s(type)

p(mb) n(degrees)

Trough (cyclonically curved jet axis)

NW stream (approximately straight axis with flow from NW)

" 'Ridge (anticyclonically curved jet axis)

SW stream (as for NW stream but flow from SW)

900 ranging from 20 degrees north of
850 the jet axis to 10 degrees south of
800 axis

700

600

500

400

300

200

150

100

assigning to each sounding coordinate (n, s) relative
to the jet axis, so-called jetstream coordinates.
Following Krishnamurti n is the distance the station
is from the jet axis along a normal to the axis, and s
is the sector type. In the present analysis each
station was re-assigned a new s coordinate each
day. The coordinate was defined by the shape of the
jet axis. The coordinates (s, n, p) of each data point
are summarised in Table 2. In Krishnamurti’s
analysis of northern hemisphere data he assumed

the s coordinate to be geographically fixed and refer
specifically to one of nine regions around the
hemisphere, although his n coordinate will vary
from day to day.

The n coordinate was calculated by fitting a
parabola through the latitude of the jet axis at the
nearest standard longitude and the latitude of the
axis at the adjacent longitudes. The length of a
normal from the parabola to the station was
calculated as the coordinate n.
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The s coordinate for a given station was defined
by the shape of the jet axis centred on the standard
longitude nearest the station. If the axis at this
longitude was at a lower latitude than at its position
at the standard longitudes either side, s was a
‘trough type’. If at a higher latitude, s was a ‘ridge
type’. If the axis is further equatorward to the west
and poleward to the east of the standard longitude s
was a ‘NW stream’ type and vice-versa for a ‘SW
stream’ type. Such definitions are very amenable to
computer analyses. Because the latitude of the axis
was extracted to the nearest whole degree, in some
cases adjacent longitudes would have the same
latitude value for the axis. In these cases slightly
more complex definitions for the s coordinate were
required.

A data archive was constructed, on magnetic
tape, which contained for each day of the 1962 to
1968 period, the latitudes, speeds and s coordinates
of the subtropical jetstream axis followed by, for
each station, the s, n coordinates and the upper air
data for each p coordinate, The archive produced
contained data from approximately 75 000 upper air
soundings. This formed the basic data set for the
analyses described in the remainder of this paper.

Some comments on the reliability of the data are
appropriate here. The upper air observing stations
do not all use the same type of equipment for wind
finding. A number have part or all of their record
measured using theodolite tracking of pilot
balloons. This is unsatisfactory in a number of ways.
Firstly, the need to rely on an assumed rate of ascent
of the balloon introduces considerable errors;
secondly, the loss of balloons in cloud biases the
data against stronger winds of a few stations. These
stations, Broome, Kalgoorlie, Norfolk Island and
Willis Island, are unfortunately in data sparse areas.

The second part of the data set is of course
derived from a series of subjective assessments. The
position and core speed of the axis will depend on

the skill of the analyst. The analyses over the ocean
may be particularly subjective. However, the charts
were prepared in the centre responsible for the main
analysis of the Australian region, and thus must be
considered to be of the highest professional
judgment,

Climatology of the axis of the
subtropical jetstream

The works by Muffatti (1963), Weinert (1968) and
Spillane (1971) have given some climatological data
on the axis of the subtropical jetstream in the
Australian region, but these were based on the
1956—61 data set. The present analysis uses
1962—-1968 data.

Figure 2(a) summarises the distribution of the
location of the jet axis. At each of the analysed
longitudes the variation of the latitude of the core is
described through the annual march of the 10, 50
and 90 percentiles. The interesting feature here is the
bimodal distribution over the western areas of the
region, the march reaching its poleward extremity in
late summer and again in late winter, returning to
equatorward extremities in early autumn and late
spring to early summer with a very rapid change
between December and January. This feature was
apparent in Weinert’s 1956—61 analyses. Spillane
correlated it with incidents of clear air turbulence in
Western Australia. The annual variation becomes
less progressing eastward, and is virtually non-
existent to the east of the continent (150°E).

A second feature is the relatively compact range
of the subtropical jet excursions. The 50 percentile is
contained between 20°S and 30°S, the 90 percentile
does not reach to 40°S, nor the 10 percentile to
15°S. The jetstream over the Australian region is
thus very much a continental phenomenon.
Incidentally the 1956—61 analysis shows that for the
equivalent ranges the jetstream is between

Fig. 2(a) Median monthly latitude of the axis of the subtropical jetstream at 200 mb in steps of 10 degrees of longitude over the
Australian region for the years 1962 to 1968 inclusive. The 10 and 90 percentiles are shown by the thin lines, the

median by the heavy line.
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Fig. 2(b) As for (a) above, except in this case, the wind speed at the jet axis is presented.
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. Fig. 3 (a) Mean monthly length of the subtropical jetstream
approximately 20°S and 50°S. The greater axis between 100°E and 110°E (thick lines). The
poleward excursions can be attributed to the thin lines are drawn a standard deviation from the
different definitions of the jetstream, and the earlier mean “"i“f" Eib)((l)vlt?lztl;(l))l,l f":rc‘;gti p(::_’ig‘s’"“’" of jet
data no doubt included polar front jets. axis assigne & :
The distributions of core wind speeds are given in (a)

Fig. 2(b). There is little variation of this parameter
with longitude. As might be expected the strongest
winds occur in winter, the 50 percentile here being of 6.4}
the order of 70 m s—!, and the weakest in summer
with a median value of about 25 ms—!.

Further characteristics of the jetstream can be
elucidated by examining the distribution of the
sectors with longitude. This will enable preferred
locations of ridges, troughs, and the intermediate
northwest and southwest streams to be identified. In
Fig. 3(a) the variation in the average total length of
the jetstream across the region (i.e. from 100°E to
180°) is given. It shows only a few per cent
variation, is at its shortest with least meanders in
winter, and is longest in summer. The proportion of

[

o
)
T

/. — =
I T

o
-

JET AXIS LENGTH (103km)

the length of jetstream assigned to a particular —l |’—‘
sector type is given in Fig. 3(b). . . N R
The ratio of the average occurrence of a sector JJFMAMIJ JASOND
type at a given longitude to the average occurrence MONTH
at all longitudes for each month is given in Figs 4(a),
(b), (c) and (d). This anomaly value indicates 1.0 (b)
preferred locations of troughs, NW streams, ridges TROUGH
and SW streams. A fairly consistent pattern
emerges. Taking longitudes with values greater than w08 " —— " T
unity as a preferred region, the pattern emerges of a 5
NW stream off the Western Australian coast (near w
110°E), a ridge around central Australian © 067 N W STREAM
longitudes (near 130°E), a southwest stream over %
eastern Australia (at about 140°E), and a trough ~ w
along the east coast (150°E) with a NW stream over S 04r RIDGE
the Tasman. A ridge is evident at the extreme east of s ——l—f—'—_‘_'_l—‘_—‘—\—
the region (at about 170°E). > 02t
There does not appear to be much variation in the : S W STREAM
locations of these features during the year.
However, taking higher values of the anomalies as 0 R
representing less variability, the summer months are JEFMAMIJ J ASOND

more stable. An interpretation may be that the MONTH
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Fig. 4 The ratio of average occurrences of (a) trough, (b) NW stream, (c) ridge and (d) SW stream sector types at each

longitude to average over all longitudes for each month.
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winter months are characterised by ‘fast moving’
patterns, and summer by more stationary types.

Finally, wind fields at various heights relative to
the jet axis are considered. The 800 mb, 400 mb, 200
mb, and 100 mb levels are given here. For each two
degrees of latitude from 20° north of the axis to 10°
south the mean over each season of the east-west
and north-south components of the horizontal wind
velocity were calculated for the four sectors. From
these mean wind speed and direction were
determined, and these are displayed in Figs 5(a), (b),
(c) and (d).

Figure 5 attempts to illustrate a ‘mean wave’ over
the Australian region. The assumption is that on the
average, a trough, northwest stream, ridge and
southwest stream sequence is followed. Then the
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average vector wind at various distances from the jet
axis and given heights give an indication of the
winds relative to the jet stream. In the figure,
although the spacing is very close to even, it is in fact
proportional to the average ‘length of jet axis’
defined for each sector type.

The pattern emerging from this analysis conforms
to the classical model of the general circulation over
subtropical latitudes. It is essentially the same each
season, the main difference being the intensity of the
systems, correlating with the seasonal variation in
the strength of the winds at the core of the
subtropical jetstream. At 100 mb the flow is
essentially westerly, with easterlies only at the
extreme equatorward margin of the analysed
domain. The easterlies are slightly closer to the axis






